However, in this context, the detection of genomic DNA using capped materials is still very rare. Inspired by these preliminary studies we report herein a new hybrid gated material with a covalently attached double-stranded DNA (dsDNA) sequence that selectively delivers a dye in the presence of genomic DNA. As a proof of concept the detection of Mycoplasma genomic DNA was pursued in this work. Detection of bacteria of genus Mycoplasma is of interest in diverse areas. Mycoplasma contamination is a common problem in cell culture laboratories of research institutions and hospitals.
Oligonucleotide-capped mesoporous silica nanoparticles as DNA-responsive dye delivery systems for genomic DNA detection † Nanodevices equipped with molecular gates based on mesoporous silica nanoparticles have proven their potential for use in biological and medical applications.
1 So far, capped materials have been mainly used in drug delivery and their use in sensing protocols is still scarce. 2 For sensing, the mesoporous support is loaded with an indicator before the material is capped with a responsive chemistry. Uncapping and cargo delivery is then selectively achieved only in the presence of a target analyte. 3 In this context we are interested in the use of DNA sequences for the design of gated materials and others and we have recently reported the use of oligonucleotides as caps on mesoporous supports in the context of the detection of biomolecules via delivery of optical or electro-active probes. 4 However, in this context, the detection of genomic DNA using capped materials is still very rare. Inspired by these preliminary studies we report herein a new hybrid gated material with a covalently attached double-stranded DNA (dsDNA) sequence that selectively delivers a dye in the presence of genomic DNA. As a proof of concept the detection of Mycoplasma genomic DNA was pursued in this work. Detection of bacteria of genus Mycoplasma is of interest in diverse areas. Mycoplasma contamination is a common problem in cell culture laboratories of research institutions and hospitals. 5 Moreover, several Mycoplasma species are related to the development of certain pathologies such as pneumonia, rheumatoid arthritis and non-gonococcal urogenital diseases.
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The approach we followed is depicted in Scheme 1. MCM-41 mesoporous silica nanoparticles of ca. 100 nm diameter were selected as inorganic supports because of their unique and advantageous properties for the design of capped materials. The MCM-41 support was first loaded with the dye rhodamine B and then the external surface was functionalized with (3-isocyanatopropyl)triethoxysilane, yielding solid S1-I. For the gating mechanism two single stranded oligonucleotides were selected; i.e. (i) a short DNA sequence, functionalized with an aminohexyl moiety at the 5 0 -end position (NH 2 -(CH 2 ) 6 -5 0 -GAC TAC CAG GGT ATC-3 0 , O1) that could be covalently attached to solid S1-I via the formation of urea bonds and (ii) a single stranded oligonucleotide (5 0 -AAG CGT GGG GAG CAA ACA GGA TTA GAT ACC CTG GTA GTC-3 0 , O2)
Scheme 1 Representation of the gated material S1-O1/O2 capped with a dsDNA. Delivery of the entrapped dye (rhodamine B) is selectively accomplished in the presence of a single strand of Mycoplasma genomic DNA. which is a highly conserved sequence of the 16S ribosomal subunit of the Mycoplasma species genome.
In a typical experiment the two single stranded DNA sequences (O1 and O2) were first hybridized and then covalently attached to the surface of the S1-I solid, yielding the final material S1-O1/O2. The dsDNA, anchored on the mesoporous support, was expected to be bulky enough to block the pores and inhibit dye delivery. Moreover it was anticipated that the presence of a single strand of Mycoplasma genomic DNA would displace O2 from the solid with the subsequent pore opening and dye release.
MCM-41 nanoparticles were obtained according to reported procedures. Solid S1-I was first loaded with rhodamine B in acetonitrile and then an excess of (3-isocyanatopropyl)triethoxysilane was added to the suspension. Solid S1-I was collected by centrifugation, washed with acetonitrile and dried (see ESI † for details). For the preparation of the final capped material (i.e. S1-O1/O2) O1 and O2 were first mixed, heated at 90 1C and then gradually cooled to achieve the hybridization of both oligonucleotides. Then the hybridized O1/O2 sequences were anchored onto the outer surface of the S1-I solid through the formation of a urea bond by reaction of the amine group in O1/O2 and the isocyanatopropyl groups attached on S1-I (see ESI † for further details).
The starting MCM-41-like calcined nanoparticles and S1-I were characterized by powder X-ray diffraction, TEM, porosimetry, thermogravimetry and elemental analysis (see ESI † for details). Table 1 summarizes the particle diameter, BET specific surface area, pore volumes and pore sizes obtained for the starting nanoparticles and for solid S1-I. Moreover, from elemental and thermogravimetric analyses contents of 0.469 and 0.358 mmol g À1 for isocyanatopropyl moieties and rhodamine B, respectively, were determined in solid S1-I. Finally, dynamic light scattering studies in water gave diameters for the MCM-41, S1-I and S1-O1/O2 nanoparticles of 88 AE 2, 114 AE 3 and 154 AE 2 nm, respectively.
The response of S1-O1/O2 was tested in the presence of Mycoplasma fermentans genomic DNA by measuring the emission of rhodamine B dye delivered from the pores of the solid. In a typical experiment 0.2 mg of S1-O1/O2 were suspended in 400 mL of hybridization buffer (20 mM tris-HCl, 37.5 MgCl 2 , pH 7.5) and separated into 2 aliquots of 200 mL. Both samples were filled to a final volume of 900 mL with hybridization buffer. At the same time a solution of 4000 copies mL À1 of Mycoplasma fermentans quantification standard in water was heated to 95 1C for 5 min in order to dehybridize the double helix structure and then cooled in an ice bath for 3 min. After cooling, 100 mL of the dehybridized genomic solution was added to one of the aliquots whereas 100 mL of water (that was subjected to the same thermal treatment) were added to the other aliquot. Both suspensions were maintained at 25 1C and, at certain times, fractions were taken and centrifuged to eliminate the solid. Cargo release to the solution was then measured by the rhodamine B fluorescence at 575 nm (l exc = 555 nm). Fig. 1 shows the delivery profile of rhodamine B from solid S1-O1/O2 in the presence and in the absence of Mycoplasma fermentans genomic DNA. As it can be seen, in the absence of the target DNA (Fig. 1 , curve a) a poor rhodamine B delivery was observed (less than 15% after 1 h) indicative of a remarkable pore closure. In contrast, in the presence of Mycoplasma genomic DNA, the pores were opened due to the displacement of oligonucleotide O2 from the solid S1-O1/O2 with the subsequent delivery of the dye (Fig. 1, curve b ). Under these conditions ca. 90% of the maximum delivery of rhodamine B was observed after 30 min. The high performance of solid S1-O1/O2 pointed to the effective anchoring of the O1/O2 dsDNA on the external surface of the inorganic scaffold through the formation of urea bonds. Additional experimental evidence of the correct grafting arose from the fact that solid S1-O1/O2 was able to deliver rhodamine B in the presence of urease, due to the enzyme-induced hydrolysis of this bond with the subsequent detachment of the O1/O2 double strand (see ESI †). Moreover, in the presence of DNAse I, a remarkable dye release was also observed indicating the crucial role played by the O1/O2 sequence in the capping protocol (see ESI †).
The next step was to assess the sensitivity of S1-O1/O2 nanoparticles towards genomic DNA with the determination of the limit of detection. Following a procedure similar to that described above various solutions with different concentrations of Mycoplasma fermentans genomic DNA were added to several suspensions of S1-O1/O2 and the rhodamine B released after 30 min was measured (see ESI †). A correlation between the number of copies of Mycoplasma genomic DNA added and the rhodamine B delivered was found in agreement with an uncapping process related to the displacement of O2 from the S1-O1/O2 solid. A limit of detection of ca. 70 DNA copies mL À1 was determined (see ESI †). The limit of detection following this simple approach is not far from those reported using commercially available PCR Mycoplasma detection kits (around ca. 10 copies mL À1 ), 7 suggesting that this procedure for genomic DNA sensing possesses the potential of finding application in medical diagnosis protocols.
In further studies the selectivity in the detection of Mycoplasma genomic DNA by the S1-O1/O2 solid was investigated by carrying out similar experiments in the presence of genomic DNA of the pathogens Candida albicans and Legionella pneumophila in amounts of 1000 copies mL
À1
. The results obtained are shown in Fig. 2 . As can be seen there were no significant differences between the blank (dye release in Tris-HCl buffer) and the potentially interfering genomic DNA of Candida albicans and Legionella pneumophila. In addition, when a mixture of Candida albicans-Legionella pneumophila (each one at a concentration of 1000 copies mL
) was used no delivery of rhodamine B was observed. Furthermore, when genomic DNA of Mycoplasma was present in the mixture a clear delivery of rhodamine B was found pointing to a high degree of selectivity of the S1-O1/O2 material.
In summary, we have prepared mesoporous silica nanoparticles loaded with rhodamine B and capped with a covalently linked double stranded DNA containing a highly conserved sequence of the 16S ribosomal subunit of the Mycoplasma species genome. The nanoparticles were able to deliver the entrapped dye in the presence of Mycoplasma fermentans genomic DNA. A remarkable detection limit of ca. 70 DNA copies mL À1 was found.
Moreover the selectivity of the system was assessed, for instance, addition of Candida albicans and Legionella pneumophila genomic DNA was unable to induce dye release. We believe that DNA-based gated materials could be suitable alternatives to the standard bacteria detection techniques such as PCR and can find application as alternative rapid point-of-care diagnostic systems or in situations and places where sophisticated techniques or equipment are not available. Financial support from the Spanish Government (Project MAT2012-38429-C04) and the Generalitat Valencia (Project PRO-METEOII/2014/047) is gratefully acknowledged. Ll. P. is grateful to the Universidad Politécnica de Valencia for his grant.
Notes and references Fig. 2 Release of rhodamine B from solid S1-O1/O2 in the presence of (from right to left): Tris-HCl buffer, a mixture of Legionella pneumophilaCandida albicans (Leg-Can) genomic DNA, a mixture of Leg-Can and Mycoplasma fermentans (Myco) genomic DNA, Can genomic DNA, Leg genomic DNA and Myco genomic DNA. All DNA were at a concentration of 1000 copies mL 
